This study models the income determination of a regional economy consisting of various types of industries, and decomposes the net regional product of remote islands in Japan into the income induced by central government expenditure, net income inflow, exports, and income-independent private expenditure. The result shows that 42-45% of the net regional product depends on central government expenditure. This study also proposed a non-survey approach to estimate the competitive import type of sub-prefectural regional input-output table from the corresponding prefectural table. This method assumes that: (A) Among the sub-prefectural regions, the share of regional output of sector i's product exported to outside the prefecture is consistent, and the share of imports from outside the prefecture in the regional demand for sector i's product is also consistent; (B) The share of cross-hauling in the trade volume of sector i's product is equivalent in interregional trade and trade between the prefecture and outside the prefecture.
Introduction
The Japanese remote islands provide services with public good characteristics, such as maintaining the country's Exclusive Economic Zone and preserving their nature and culture. Such services are provided by the inhabitants of the islands; therefore, sustaining remote island economies is a national issue. The central government has gradually allocated more spending to the remote islands. One can think that the growth of remote island economies has been mainly supported by the central government financial aid. Ando (1986) criticized the growth of local economies as an example of consumption-led growth without industrial development. The financial support received by local government service and construction sectors has been directed towards consumption, boosting the growth of local economies without a significant contribution to their industrial development.
After 2000, financial support has been cut, especially in the public works budget. The Remote Islands Development Act was intended to remove economic backwardness and achieve a well-balanced national development. However, the act was amended in 2002, and the revised act requires remote islands to promote endogenous development with local creativity, exploiting their geographical and natural features (Sato, 2007: p. 145) . Less favored areas in the mainland of Japan, such as mountainous regions, are also expected to foster endogenous development. However, they can rely on income from urban employment, while remote islands can only rely on the income generated in the region, because they are surrounded by sea and residents cannot commute to inland cities. Thus, the population supporting capacity of remote islands is exclusively determined by the income generated in the region. Such income is consistent with the definition of net regional product at factor prices, which can be defined as: Net regional product at factor prices (NRP) = Gross regional product (GRP, or value-added) − Consumption of fixed capital − Taxes on production and imports ＋ Ordinary subsidies = Compensation of employees + Operation surplus+Consumption expenditure outside household. This study addresses the economic independence of remote islands through a quantitative analysis of the NRP determinants.
Regional income determinants have been analyzed using various regression techniques. According to previous studies, regional income is explained by capital, labor, and various macroeconomic factors (e.g., exports, government expenditure, and foreign aid). Among the most relevant studies focusing on remote islands in Japan, Ishikawa and Fukushige (2007) explained the regional income of Amami Oshima Island in terms of the number of tourists and fiscal expenditure, and concluded that one tourist and about 52,000 yen fiscal expenditure are substitutable. In their analysis of all remote islands in Japan, Ishikawa and Fukushige (2009) showed that both fiscal expenditure and population size have a positive impact on regional income, whereas the number of tourists does not have a significant impact. However, in their econometric analysis, it is hard to disentangle the intrinsic contribution of the each factor due to intercorrelations among factors.
This study proposes a Keynesian regional income determination model and shows that the NRP is determined by central government expenditure (including direct spending in the region and fiscal transfers to the region), net income inflows into the region (net production-factor income inflow and social transfers, as cash inflow), exports, and incomeindependent private expenditure (consumption and investment independent from income). This model describes a regional economy consisting of n types of industries, and the NRP of remote islands is decomposed into its determinants using an InputOutput (IO) analysis to evaluate each specific factor's impact. Among the studies focusing on remote islands, Tomikawa (2004) evaluated the impact of public works projects, while Sado City and Research Institute for Local Government (2007) and Fujimoto and Naitoh (2013) evaluated the impact of tourism. However, to the best of our knowledge, no previous study decomposed regional income into its fundamental determinants.
Since IO tables for the concerned regions are not released by the government, as a first step, we need to estimate regional IO tables. However, the estimation of regional exports and imports can be a particular issue. The survey approach is not feasible because it is very costly. Thus, non-survey approaches have been used in the literature; however, they faced the challenge of capturing the extent of cross-hauling in trade. This study proposes a novel non-survey approach to overcome this challenge.
The remote islands in West Japan, designated under the Remote Islands Development Act, Special Measures for the Ammi Islands Promotion and Development Act, and Okinawa Promotion and Development Special Treatment Act, are the object of this study. To be specific, 31 remote islands in Shimane, Nagasaki, Kagoshima, and Okinawa prefectures are analyzed (as reported in Table 3 ). Remote islands administrated by municipalities located in the mainland of Japan are excluded from the analysis, and remote islands located in the Seto Inland Sea are also excluded because their residents have easy access to the mainland, especially for employment. Mishima village and Toshima village are also excluded, because their residents are spread over three and seven isolated islands, respectively, and their village offices are located in Kagoshima city, on the Japanese mainland. The analysis is conducted using island-level geographic boundary unit data from 2005, and not municipal-level administrative boundary unit data.
1)

Regional Income Determination Model
Regional output (X) can be expressed as:
where Z denotes intermediate demand, C denotes private consumption, I denotes private investment, G denotes government expenditure by both regional and central governments, and E−M denotes net exports (= exports, E− imports, M). Each of E and M consists of international and interregional trade. International trade is trade between region R and the rest of the world. Interregional trade is trade between region R and the rest of the nation. The regional government includes municipalities in the region, while the central government includes prefectural government, national government, and social security funds. The private consumption (C) can be assumed as:
Y+Yt denotes net regional income, where Y and Yt denote NRP and net income inflow into the region, respectively. 1−t R −t N denotes disposable income ratio, where t R and t N denote the tax rate applied by regional and central governments, respectively, and c denotes the marginal propensity to consume, which measures the share of additional disposable income that is spent on consumption. C 0 denotes private consumption independent from income.
Within a regional framework the marginal propensity to investment in the local economy may be a function of local regional income (McCann, 2001: p. 152; Kuroda et al., 2008) . Accordingly, private investment (I) can be assumed as:
where V denotes GRP, and i denotes the marginal propensity to invest, which measures the share of additional value-added that is spent on investment. I 0 denotes private investment independent from income. The government expenditure (G) can be assumed as:
where t R Y+Yt denotes regional government expenditure from own revenue sources, and Gt denotes central government expenditure, which includes intergovernmental fiscal transfer payments, direct consumption, investments in the region, and social transfers in kind (e.g., medical insurance and nursingcare insurance).
According to Kuroda et al. (2008) , the import function can be assumed as:
where m denotes the share of imports in the regional demand. In the IO analysis, imports are assumed to behave as in Equation (5).
The relation between regional output (X) and NRP (Y) can be expressed as:
where y denotes the ratio of NRP among the output, and is called income coefficient. The relation between regional output (X) and GRP (V) can be expressed as:
where v denotes the ratio of GRP among the output, and is called value-added coefficient. NRP (Y) and GRP (V) are endogenized in the model. The difference between output (X) and intermediate input (Z) is the value-added (V); namely V=X−Z. Substituting equation (7) into V=X−Z yields:
Substituting equations (1)-(8) simultaneously yields:
where the numerator is the direct effect, which represents the effect directly produced by central government expenditure (Gt), net income inflow (Yt), exports (E), and income-independent private expenditure
, is the regional multiplier. The production, or direct effect, influences the regional intermediate demand needed for the production, and the income generated by the production influences the final regional demand.
To meet these demands, the production process induces regional intermediate and final demand again. Through repetitions of the above mechanism, the direct effect result is amplified by a multiplier effect. Substituting equation (9) into equation (6) yields the proposed NRP determination model.
Multi-sector Model
The change in NRP caused by an exogenous impact depends on which sector of production is affected. Therefore, the model is multi-sectorized. Let us rewrite equation (1) and describe a regional economy consisting of n types of sectors, as: Multi-sectorizing equation (2), the private consumption function can be assumed as:
1−t R −t N denotes the scalar value of disposable income ratio. Y+Yt denotes the scalar value of net regional income, where Y and Yt denote NRP and net income inflow into the region, respectively. c denotes the column vector of marginal propensity to consume sector i's product (ci). C 0 denotes the column vector of income-independent private consumption (Ci 0 ) of sector i's product.
Multi-sectorizing equation (3), the private investment function can be assumed as:
where V (=∑ jV j) denotes the scalar value of GRP (=value-added). i denotes the column vector of marginal propensity to invest (ii) in sector i's product. I 0 denotes the column vector of income-independent private investment (Ii 0 ) in sector i's product. Multi-sectorizing equation (4), the government expenditure function can be assumed as:
where t R Y+Yt denotes the scalar value of regional government expenditure from own revenue sources, and Gt denotes the scalar value of central government expenditure. Both t R Y+Yt and Gt consist of consumption and investment. g C and g I denote column vectors of coefficient gi C and gi
I
, respectively, which measure the share of government expenditure that is spent on consumption and investment on sector i's product, respectively.
Multi-sectorizing equation (5), the import function can be assumed as:
where m  denotes the diagonal matrix of the import share in demand ( mi) for sector i's product. Equation (6) can be multi-sectorized as:
y ′ denotes the row vector of income coefficients (yi=Yi/Xi) of sector i, where Yi denotes NRP by sector i. Equation (7) can be multi-sectorized as:
v ′ denotes the row vector of value-added coefficients (vi=Vi/Xi) of sector i, where Vi denotes value-added by sector i.
Substituting equations (10) -(16) simultaneously yields:
where:
In denotes the identity matrix. K denotes the regional multiplier. The NRP (Y) can be estimated using equation ( 
where 2) The following indexes are used, except for the employment; agricultural sectors: production value; forestry, fishery, construction, and government services sectors: value-added; commerce sectors: value of commercial margin; house rent sectors: number of households; air transport sector: number of passengers. The important assumption here is that the input coefficient (vj, yj, or aij) is consistent within a prefecture and the sub-prefectural regions.
Estimating the Regional Input-Output
4) Input coefficients in official municipal IO tables are estimated using the input coefficients of the national or prefectural IO tables (Nakazawa, 2002) . Can we estimate input coefficients for small areas, such as remote islands, in the same way? Sector j produces a variety of products, which is known as a product mix. When a prefectural IO table is divided into subprefectural regional IO tables, the higher the number of divisions in the prefectural IO table, the more widely regional sector j's product mix diverges from the prefectural one, and, the more widely the regional sector j's input coefficients diverge from the prefectural ones. To address this issue, input coefficients are adjusted using the value-added/output ratio, vj R /xj R and vj P /xj P , (Miller and Blair, 2009 ). The value-added coefficients (vj R ) for sub-prefectural regions are not available; however, using IO tables with a more detailed sector classification, the product mix issue can be mitigated. Therefore, in this study, IO tables with more than 87 sectors are used. In addition, the product mix issue induced by sector aggregation is not significant, except for the manufacturing sectors, 5) which contribute to only 4.7% of the GRP of remote islands. Consequently, the assumption that the input coefficient is consistent within a prefecture and the sub-prefectural regions does not pose significant issues.
4) Estimating final regional demand
The final regional demand (Fi R ) for sector i's product includes private consumption, private investment, government consumption, and government investment, and it is estimated as follows. ⅰ) The private consumption 6) is estimated by dividing the prefectural total consumption by the net regional income (Y 3) With regard to self-transport sectors, the outputs are estimated assuming exports and imports to be zero; accordingly, Regional output = Regional demand. 4) With regards to the livestock sector, the input coefficients are obtained from the survey on production cost of beef cow calf, as the output of the livestock sector in remote islands is consistent with the output of the beef cow calf. 5) Let us examine the error caused by the sector aggregation using the estimated IO tables of remote islands in Okinawa. A 
R is obtained, and corresponds to 3. 7% when j ∈ primary industry sectors, to 16. 7% when j ∈ manufacturing sectors, and to 2.6% when j ∈ other sectors. One can find that the error is not significant except for the manufacturing sectors. 6) With regards to the house rent sector, the private consumption is estimated assuming the exports and imports to be zero, accordingly, Private consumption = Output − Government consumption.
sumption of sector i's product is estimated in the following manner: The consumptions of government services (including water supply, waste management, public administration, education, and health and hygiene services) are estimated assuming the exports and imports to be zero 9)
; accordingly: Government consumption = Output − Private consumption. The government consumption through social transfers in kind (e. g., medical service and nursing care) are estimated by dividing the prefectural total consumption by the number of population by region. The other shares government consumption are estimated by dividing the prefectural total consumption by the government service sector's value-added by region. ⅳ) The government investment is estimated by dividing the prefectural total investment by the contract amount for public works projects by region. 
5) Estimating exports and imports
However, a region simultaneously exports and imports product i, a phenomenon referred to as cross-hauling. We cannot estimate Ei R and Mi R separately due to crosshauling (Qi) defined as:
In generating official municipal IO tables, exports are estimated by conducting a commodity flow survey, and, then, imports are estimated by substituting the estimated exports into equation (22) (Nakazawa, 2002) . If conducting a survey is not possible, one has no choice but to estimate Ei R and Mi R using non-survey approaches. Let us examine representative non-survey approaches.
( 1 ) LQ approach Location Quotient (LQ) and related techniques have been used in a great many regional studies (Miller and Blair, 2009: p.349) . LQ is the coefficient of regional specialization in sector i, which is defined as:
where the denominator corresponds to the proportion of prefectural sector i's output (Xi P ) to the total output (∑ i Xi P ) and the numerator is the corresponding proportion of regional sector i's output. Equation (24) implies that, if LQi R <1, region R imports some of its needs for sector i's product, and if LQi R >1, region R exports some of sector i's output (Schaffer and Chu, 1969: p.85 ). The assumption underlying the LQ approach is "If there is a disparity in the regional specialization in sector i among the regions, and there is no disparity in the need for sector i's product among the regions, sector i's product moves from the regions with LQi R >1 to the regions with LQi R <1." A number of variants of the LQ approach have been proposed (Miller and Blair, 2009 ); hereafter, they are referred to as LQs.
The LQ approach has been used to regionalize noncompetitive import type IO tables. In Japan, where competitive import type tables are released, there are few applications of it (e. g., Fujimoto, 2000; Asahi, 2004; Okubo and Ishizuka, 2009; Fujimoto and Naitoh, 2013) . When competitive import type prefectural IO tables are regionalized, if LQi R <1, the regional average propensity to consume regional sector i's product is estimated by multiplying the prefectural average propensity to consume prefectural sector i's product by LQi R , and if LQi R ≥1, the regional propensity to consume is regarded as consistent with the prefectural one (refer to equations (32a) and (32b)).
10) Note that the average propensity to consume means the share of prefectural (or regional) output minus exports in the prefectural (or regional) demand. However, the reason why exports and imports by region R can be estimated by discounting the prefectural propensity to consume by LQ has not been addressed yet.
11) In the next paragraphs, the reason is addressed, and a more feasible LQ approach is proposed.
The prefectural supply and demand equivalent 6 7) Net production-factor income inflow (including compensation of employees, property income, and business income inflows) is estimated by subtracting net regional product from net regional income. 8) Social transfers in cash inflow (including social welfare spending, such as pension, and social assistance spending, such as livelihood protection) is estimated assuming that payment per capita is consistent between a prefecture and the sub-prefectural regions. 9) The imports and exports of government services are usually not accounted because most government services are public goods and are not traded on the market. Water supply and waste management services are traded, however, and are usually supplied monopolistically by the regional government for its residents.
condition of prefectural sector i's product can be expressed as: 
Assuming that the share of sub-prefectural regional sector i's output exported to outside the prefecture is consistent with the share of prefectural sector i's output exported to outside the prefecture, the following condition can be obtained:
where the left-hand side denotes the share of regional sector i's output distributed within the prefecture, and the right-hand side denotes the share of prefectural sector i's output distributed within the prefecture.
Assuming that the share of imports from outside the prefecture in the sub-prefectural regional demand for sector i's product is consistent with the share of imports from outside the prefecture in the prefectural demand for sector i's product, the following condition can be obtained:
where the left-hand side denotes the share of product produced within the prefecture in the regional demand for sector i's product, and the right-hand side denotes the share of product produced within the prefecture in the prefectural demand for sector i's product. The above assumptions can be summarized as "Among the sub-prefectural regions, the share of regional output of sector i's product exported to outside the prefecture is consistent, and the share of imports from outside the prefecture in the regional demand for sector i's product is also consistent." Equation (26) and (27) can be re-arranged as
, respectively, and by substituting them into equation (25), the following expression can be obtained:
DSLQi R (Demand and Supply based LQ) in equation (28) corresponds to the LQ proposed in this study, and can be defined as:
where the denominator is the ratio of prefectural output (Xi P ) to the prefectural demand (Di P ) for sector i's product, and the numerator is the corresponding ratio in region R. DSLQi R compares sector i's production capacity relative to the demand for sector i's product between the prefecture and region R.
Equation (28) can be expressed as:
where Xi R 1−ei P  denotes regional sector i's output distributed within the prefecture, including region R, since exports (ei P Xi R ) to outside the prefecture are deducted from the regional output (Xi R ). Di R 1−mi P  denotes regional demand for sector i's product produced within the prefecture, including that produced in region R, since imports (mi P Di R ) from outside the prefecture are deducted from the regional demand (Di R ). Therefore, the left-hand side in equation (30) denotes net exports by region R in interregional trade within the prefecture. Assuming that "There is no cross-hauling in interregional trade," when DSLQi ) for sector i's product and the share of imports in final-demand sector f's demand (mi P ) for sector i's product are available. However, since only competitive import type tables are available, one needs to assume that the share of imports in demand (mi P ) is consistent among the demand sectors (mij
; therefore, the estimating accuracy is inferior compared to the case where non-competitive import type tables are available. 11) McCann (2001) shows that, if there is no interregional cross-hauling for any sectors, multiplying the national average propensity to consume of the domestically produced output of sector i by the appropriate LQ value, we can obtain an expression for the regional average propensity to consume of the regionally produced output of sector i. DSLQi R ≥1, interregional imports are assumed to be zero; when DSLQi R <1, interregional exports are assumed to be zero.
The LQ approach requires two assumptions, namely: (A) Among the sub-prefectural regions, the share of regional output of sector i's product exported to outside the prefecture is consistent, the share of imports from outside the prefecture in the regional demand for sector i's product is also consistent, and (B) There is no cross-hauling in interregional trade. Under assumptions (A) and (B), Ei R and Mi R can be shown as:
The first terms in equations (31a) and (31b) denote trade flows between region R and outside the prefecture; the share of exports (ei P ) in the regional output and the share of imports (mi P ) in the regional demand are identical to those for the prefecture, respectively, under assumption (A). The second terms denote interregional trade flows within the prefecture; when DSLQi
Equations (31a) and (31b) can be deformed as:
, which agree with equation (32b). In equations (32a) and (32b), 1−mi P denotes the prefectural average propensity to consume the prefectural sector i's product. The term 1−mi P is adjusted by DSLQi R , and the regional propensity to consume is generated.
12) The results show why exports and imports by region R can be estimated by discounting the prefectural propensity to consume by LQ. The results also show that LQ approach requires assumptions (A) and (B). Maegawa (2012) proposed an approach to estimate regional trade, which is not based on the LQ; however, the proposed approach is based on assumptions similar to the two assumptions discussed above.
In interregional trade within a prefecture, the sum of interregional net exports across all regions is consistent with the sum of interregional net imports across all regions, which can be proven as 13) :
where the left-hand side denotes the sum of net exports across all regions. In regions where DSLQi R ≥1, net exports are positive; when DSLQi R <1, net exports are negative. Using LQs, except for DSLQ, interregional trade within the prefecture is not balanced, and the estimates for exports and imports are biased.
14)
The LQ underestimates cross-hauling, as it assumes no cross-hauling in interregional trade. Industrial disaggregation helps relieve this problem, as the heterogeneity of sector i's product is decreased; however, it does not entirely solve the issue (Richardson, 1985: p.613) . To this end, let us consider alternative non-survey approaches, which take into account cross-hauling in interregional trade.
( 2 ) CHARM The gravity model proposed by Leontief (1969) 8 12) The regional average propensity to consume regional sector i's product is never higher than the prefectural one. However, if a region is specialized in sector i, the regional propensity to consume can be higher than the prefectural one. Therefore, Flegg and Webberb (2000) include a measure of regional specialization in the LQ; however, this does not seem to yield more accurate estimates, possibly because they allow upward adjustments of LQ depending on the regional specialization, even though LQ overestimates the regional propensity to consume. 13) The left-hand side in equation (33) can be re-arranged as 1−mi
, and, therefore,
14) Sasaki and Shibata (1983) demonstrated that, using LQ as shown in equation (24), the exports of a region diverge vastly from the sum of the estimated exports of the sub-regions.
takes into account cross-hauling in interregional trade. Its basic idea is that the flow of sector i's product from region R to region S can be considered a function of total output in R, total purchase in S, and distance between the regions (Miller and Blair, 2009: p. 365 , can also be considered. However, the value of δ is unknown and determined exogenously.
16) In addition, LQs are multiplied by the fixed λ in all sectors; therefore, the obtained cross-hauling is not realistic at the individual sector level. The extent of cross-hauling varies depending on the product heterogeneity of sector i. For instance, cross-hauling may easily occur in the intra-industry trade of agricultural products because agricultural products are heterogeneous; however, it may hardly occur in the intra-industry trade of nursing-care services because they are homogeneous.
The Cross-Hauling Adjusted Regionalization Method (CHARM), proposed by Kronenberg (2009) , considers cross-hauling based on product heterogeneity. The CHARM measures cross-hauling as:
Qi=hiXi+Di s.t. Qi/2≤Xi and Qi/2≤Di, (34)
where Qi denotes cross-hauling in the trade of sector i's product, which is assumed in proportional to the sum of output and demand (Xi+Di) of sector i's product. hi denotes the ratio of cross-hauling to Xi+Di, which is an index of product heterogeneity of sector i's product. Substituting Qi P (=Ei 
, which can be proven as:
The CHARM assigns Qi P among the sub-prefectural regions according to Xi R +Di R and ignores crosshauling in interregional trade.
( 3 ) Modified CHARM Let us modify the CHARM to address this drawback. Assuming that "Among the sub-prefectural regions, the share of regional output of sector i's product exported to outside the prefecture is consistent, and the share of imports from outside the prefecture in the regional demand for sector i's product is also consistent," net exports of sector i's product by region R in interregional trade within the prefecture (Ei
RR
−Mi
RR
) can be derived as:
where Ei RR and Mi RR denote interregional exports and imports, respectively, of sector i's product by region R. Xi R 1−ei P  denotes regional sector i's output distributed within the prefecture, including region R. Di R 1−mi P  denotes regional demand for the prefectural sector i's product, including that produced in region R.
Assuming that cross-hauling (Qi) in the trade of sector i's product is proportional to the sum of exports and imports (Ei+Mi), Qi can be expressed as: Qi/2≤Xi and Qi/2≤Di, (36) where hi ′ denotes the ratio of cross-hauling to the trade volume (Ei+Mi). Substituting equation (36) into equation (23), hi ′ can be derived as:
All variables on the right-hand side of equation (37) can be obtained from the prefectural IO table, and, accordingly, hi ′ in the trade between the prefecture and outside the prefecture can also be obtained. Then, 15) One needs to rely on the information on the sea transport trade between Okinawa and the mainland of Japan. In that case, as Nakano and Nishimura (2013: p. 941) pointed out: ⅰ) information on the trade volume to estimate gravity parameter is not sufficient; ⅱ) it is unreasonable to estimate short distance trade within a prefecture from the information on long distance trade between Okinawa and the mainland of Japan. 16) Flegg and Tohmo (2013) 
whereas the definition of Qi RR is:
Rearranging equation ( 
The first term in the last equation denotes the sum of cross-hauling in the trade between region R and outside the prefecture across all region Rs, and it can be expressed as hi ( 4 ) Estimation of exports and imports for remote island economies Trade flows for remote islands can be estimated by the regionalization of prefectural IO tables using nonsurvey approaches. However, it may be difficult to obtain accurate estimates because the share of remote island economy in the prefectural economy is small. In Table 1 , rows 1-5 show the results of previous works that compare output multipliers 18) derived from survey-and non-survey-based regional IO tables, where the non-survey-based tables were estimated from the national IO table using the LQ or CHARM approach. Rows 6-11 show the results of experimental works conducted in this study, which compare output multipliers derived from survey-and non-surveybased prefectural IO tables of Okinawa, where the nonsurvey based tables are estimated from the national IO table. 19) Okinawa prefecture can be considered as a remote island off the mainland of Japan, and contributes to merely 0.7% of the GDP of Japan.
In previous works (rows 1-5), output multipliers are overestimated, or import propensities are underestimated, meaning that cross-hauling is underestimated, probably because the LQ and CHARM approaches assume no cross-hauling in interregional domestic trade. This study derived output multipliers from IO tables estimated using the LQ and CHARM approaches, like in previous works. The results are shown in rows 6, 7, 9, and 10 of Table 1 , where no significant overestimation is found. The accuracy of our estimates is likely to depend on the more detailed sector classification of IO tables used in this study. However, the main reason seems to be that the Okinawa prefecture is a remote island.
The extent of cross-hauling depends on two factors. The first is product heterogeneity: The higher product heterogeneity in the trade of sector i's products, the larger the cross-hauling that trade allows. The second factor is the proximity to a border: If a firm is located close to the border, the closest supplier of a certain input may happen to be situated on the other side of the border (Kronenberg, 2009: p.49 ). In densely populated and highly urbanized countries, cross-hauling is the rule; this is the case even for commuting across
18) The average of output multipliers for sector js across all sectors. The output multiplier for sector j is the sum of the j (Boomsma and Oosterhaven, 1992: p. 272 ). However, isolated remote islands face extreme difficulties in trading and commuting across borders because they are surrounded by the sea. Therefore, the second determinant of cross-hauling, proximity to a border, can be ignored.
20)
As shown in rows 6 and 9, the LQ approach seems to be reliable to estimate IO tables of remote islands. However, it seems clear that LQ underestimates crosshauling, and the reason can be narrowed down to the first determinant of cross-hauling, product heterogeneity. Then, as shown in rows 8 and 11 of Table 1 , the output multipliers are derived from the estimated IO tables using a modified CHARM. The output multipliers are slightly underestimated, translating in the overestimation of cross-hauling. The product heterogeneity in intra-prefectural trade is lower compared to trade between the prefecture and outside the prefecture. 21) Therefore, the modified CHARM may overestimate cross-hauling.
( 5 ) Characteristics of remote island economies Table 2 shows the estimated IO table of OkiNishinoshima Island in Shimane prefecture. The GRP of Oki-Nishinoshima Island is equivalent to the median GRP among the 31 remote islands. Let us consider the characteristics of the economy. First, the center of gravity of the industrial structure is the primary industry, construction, and public service sectors, and the share of value-added by each sector to GRP is 14%, 10%, and 33％, respectively. Second, the economy is highly import-dependent: It shows a trade deficit of 50 billion yen (about 5 hundred million dollars), equivalent to 1. 4 million yen (about 14 thousand dollars) per capita. One can deduce that the deficit has been covered by the central government expenditure.
Quantitative Evaluation of Regional
Income Determinants
1) Setting variables and parameters
Most of the variables and parameters in equation (17) 
where ci denotes the marginal propensity to consume sector i's product, 1−t However, it is not easy to estimate the marginal propensity to invest (ii) in sector i's product. Therefore, ii=0 is assumed; consequently, the private investment in sector i's product is assumed independent from income, namely, Ii=Ii 0 .
12
22) The Keynesian absolute income hypothesis has had a large success in modeling consumption in short-term or cross-section analysis, but, less success in long-term time series analysis (Takagi et al., 2000) . The hypothesis implies that the average propensity to consume declines as income increases; however, in long-term time series data, the average propensity to consume does not decline. Then, the consumption function is estimated: ⅰ) Using cross-section data, or ⅱ) Using time series data, assuming that people make consumption decisions depending on their life stage. However, in the latter approach, the estimate varies depending on the period of analysis. Therefore, the former approach is used in this study. 2) Including mining.
3) Including waste management.
4) Public administration, Education, research, medical service, health care, social welfare, and private non-profit service. 5) Business service and personal service. 6) Exports and imports are estimates by modified CHARM. 2) Results ( 1 ) Regional income decomposed into its determinants In Table 3 , the estimates of equations (18)- (21) are shown as the average value of the estimates using the IO tables estimated by LQ and modified CHARM, where the NRP of each remote island is decomposed into its determinants. As shown in rows 6, 8, 9, and 11 of Table. 1, LQ underestimates cross-hauling, while modified CHARM may overestimate cross-hauling. This is the reason why estimates obtained using alternative IO tables are averaged. Table 4 shows the total of each decomposed NRP across all 31 remote islands, where the results using IO tables estimated by LQ and modified CHARM are shown, respectively. Let us compare the alternative estimates. The share of NRP explained by exports is 32% when using the LQ, and 40% when using the modified CHARM, whereas the share of NRP explained by factors other than imports is larger when using the LQ compared to the modified CHARM. can be attributed to income-independent expenditure, whose determinants cannot be identified in this model. Decomposing the NRP induced by the central government expenditure, we found that approximately 80% is induced by government consumption, and the rest by government investment. Decomposing the NRP induced by exports, approximately 50% is induced by the primary industry 23) and tourism industry.
24)
( 2 ) Determinants of the industrial structure of remote island Table 2. 3) The reason why finance, insurance, and real estate sector's share of NRP are large in remote islands, as well as in the nation, is the following. Imputed rental income for the house accounts share large part of the finance, insurance, and real estate sector's NRP, which is large in the remote islands, as well as in the nation. Table 5 . Industrial structure based on sectorial NRP share and its determinants 1) structure of the remote islands is specialized in primary industry, construction, and public service sectors. What determines the industrial structure? Let us look at which sector's income is induced by each factor. Central government expenditure produces income mainly in the construction and public service sectors. Exports produce income mainly through the primary industry sector and tourism industry sectors (including commerce, transport, and other service sectors). One can deduce that the industrial structure has been mainly determined by the central government expenditure to support regional economies, where their comparative advantage is restricted to the primary industry.
( 3 ) Determinants of income variation among regions The data used in this analysis are the average values of the estimates obtained using IO tables estimated by LQ and modified CHARM.
Let us begin the analysis by looking at the variation of income induced by the size of the regional economy. In Figure 1 , the bars show per capita income induced by income-independent expenditure, the polylines show income multipliers of each income inducing factor, an additional income induced by a unit increase in each factor. In Figure 1 , the regions are positioned in ascending order with respect to their GRPs. One can find that, the smaller the region, the smaller the income induced by income-independent expenditure, and the smaller the income multipliers. The results imply that, the smaller the region, the larger the regional spill over.
Next, let us analyze the relation between NRP and its components, decomposed into its determinants. In Figure 2 , the NRP per capita is decomposed into its determinants. In Table 6 , the second column reports the correlation coefficients between per capita NRP and each of its components, decomposed into its determinants, and the third-to-last column shows the correlation matrix for the components.
First, as shown in the second column of Table 6 , a positive moderate correlation can be found between income induced by exports and NRP. Examining the relation in detail, income induced by tourism industry's exports has a moderate positive correlation with NRP (r = 0.517, with p-value = 0.003); however, income induced by primary industry's or other industries' exports has no significant correlation with NRP (r = −0. 027, with p-value = 0. 886, or r = 0. 036, with p-value = 0.849). Thus, exports by tourism industry can be seen as a determinant of the income variation among regions, while exports by primary industry or other industries does not.
Second, a high positive correlation can be found between income induced by central government expenditure and NRP. It shows that central government expenditure is the most important income variation factor. Examining this relation in detail, it can be shown that a moderate positive correlation can be found between income induced by central government consumption and NRP (r = 0. 563, with p-value = 0.001), and a stronger positive correlation can be found between income induced by central government investment and NRP (r = 0. 684, with p-value = 0.000). Accordingly, central government investment is a more important determinant of the income variation among regions than central government consumption.
Third, a moderate negative correlation can be found between income induced by net income inflow and NRP. Let us consider the reasons by referring to the correlation matrix in Table 6 . First, income induced by net income inflow has a moderate negative correlation with income induced by central government expenditure. Examining the relation in detail, it can be shown that income induced by net production-factor income inflow 25) has a moderate negative correlation with income induced by central government consumption (r = −0. 566, with p-value = 0. 001). One can deduce that, the larger the central government consumption, the larger the production-factor inflows (such as employment inflows) into the region, and, accordingly, the larger the production-factor income spill over A Quantitative Analysis of Regional Income Determinants in Remote Island Economies 15
23) The exports vector, E, in equation (20) is obtained in the following manner: Exports by primary industry sectors are allocated in the rows for each primary industry sector, and zeros are allocated in the remaining rows. The exports include primary industry products used as primary raw material by manufacturing sectors. Primary industry products produced in remote islands are often exported after being processed to save on transport costs. For example, sugarcane is exported after being processed into raw sugar. Therefore, exports of processed products can be attributed to the forward linkage effects of the production of the primary industry. Then, outputs of primary industry products used as primary raw material for exporting processed products are included. 24) The exports vector, E, in equation (20) is obtained in the following manner: Exports by tourism industry sectors are allocated in the rows for each tourism industry sector, and zeros are allocated in the remaining rows. The tourism industry sectors include retail trade, road passenger transport, coastal and inland water passenger transport, domestic air passenger transport, car rental and leasing, amusement and recreation, eating and drinking, and hotels. 25) Income induce by social transfers in cash inflow has no significant correlation with income induced by central government consumption (r = 0.195, with p-value = 0.292).
Income multiplier
Income induced by income-independent expenditure 2) The asterisks ** and * indicate that the coefficients are statistically significant at the 1 and 5 percent level, respectively. Table 6 . Correlation between NRP and its components decomposed into its determinants and correlation matrix of the components from the region. Second, income induced by net income inflow has a moderate negative correlation with income induced by exports. Examining the relation in detail, it can be shown that income induced by net production-factor income inflow 26) has a moderate negative correlation with income induced by tourism industry's exports (r =−0.428, with p-value = 0.016), while it has no significant correlation with income induced by primary industry's or other industries' exports (r = 0.231, with p-value = 0.210, or r = 0.015, with p-value = 0.935). One can deduce that, the larger the inbound tourism consumption, the larger the production-factor inflows (such as capital and labor inflow) into the region, and, accordingly, the larger the production-factor income spill over from the region. Regional income increases with additional central government consumption or inbound tourism consumption; however, not negligible share of the increased income outflows from the region, as it is balanced by the increase in production-factor inflows into the region.
Conclusion
This study constructed a Keynesian regional income determination model and showed that the net regional product (NRP, or income generated in the region) is determined by central government expenditure, net income inflow, exports, and income-independent private expenditure. This model is extended to an income determination model of a regional economy consisting of n types of industries, and this study proposed an approach to decompose NRP into its determinants using regional IO tables.
This model was applied to the analysis of remote island economies in Japan. The results are as follows. First, economic independence of the remote islands is difficult to achieve. The central government expenditure explains 42-45% of their NRP, and represents the most important income variation factor among regions, while the exports explain 32-40% of their NRP. Approximately 80% of the income produced by central government expenditure is induced by government consumption, suggesting that government consumption is the fundamental determinant of remote island economies. Government investment is more important than government consumption as an income variation factor among regions, which shows the effectiveness of public works projects as a measure to support regional economies. However, it is very likely that not negligible share of the income induced by central government expenditure would outflow from the region.
Second, export-based industries in remote islands are the primary industry and tourism industry, and account to approximately 50% of all exports induced income. Exports by the tourism industry can be seen as an income variation factor among regions, while exports by the primary industry cannot. Therefore, tourism has been deemed as a mean for the independence of remote island economies. However, it is very likely that not negligible share of the income induced by tourism would outflow from the region.
Third, the industrial structure of remote islands is specialized in primary industry, construction, and public service sectors, and has been mainly determined by the central government expenditure to support regional economies, since their comparative advantage is restricted to the primary industry.
This study proposed non-survey approaches to estimate competitive import type regional IO tables from prefectural tables. First, this study showed that the LQ approach requires two assumptions: (A) Among the sub-prefectural regions, the share of regional output of sector i's product exported to outside the prefecture is consistent, and the share of imports from outside the prefecture in the regional demand for sector i's product is also consistent; (B) There is no cross-hauling in interregional trade. Second, this study proposed a DSLQ, which compares the production capacity of sector i's product relative to the demand for sector i's product between a prefecture and the sub-prefectural regions, and showed that the estimates of exports and imports using LQs, except for the DSLQ, are biased. Third, this study also proposed a modified CHARM, which estimates trade flows under two assumptions: (A) Among the sub-prefectural regions, the share of regional output of sector i's product exported to outside the prefecture is consistent, and the share of imports from outside the prefecture in the regional demand for sector i's product is also consistent; (B) The share of cross-hauling in the trade volume of sector i's product is equivalent in interregional trade and trade between the prefecture and outside the prefecture.
